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ABSTRACT 
Objective: To investigate longitudinal changes in children’s recess and lunchtime physical 
activity levels and in the contribution of recess and lunchtime to daily physical activity levels 
over 5-years amongst 5-6 and 10-12 year olds. 
Methods: Data were drawn from two longitudinal studies that were conducted in 
metropolitan Melbourne, Australia.  Boys and girls (n=2782) aged 5-6 years and 11-12 years 
participated in baseline (T0) measures. Physical activity (n=2490) was measured every 60-
secconds for 8 consecutive days using hip mounted accelerometry. Subsequent 
measurements were taken at 3-years (T1; n=773) and 5-years (T2; n=634) follow-up. 
Physical activity intensities were derived using age-adjusted cut-points. Sedentary time was 
defined as 100 counts/min. Longitudinal data were analysed using 3-level (time, child, 
school) multilevel analyses, stratified by sex and cohort, and adjusted for potential 
confounding variables.   
Results: Significant decreases in recess and lunchtime moderate and vigorous physical 
activity were observed (p<0.001), with larger decreases occurring in the older cohort. 
Associated increases were observed in sedentary time over time (p<0.01). While the 
contribution of recess to daily moderate intensity physical activity increased in the younger 
cohort over time (p<0.001), significant decreases were observed in the older cohort 
(p<0.001). 
Conclusion: Physical activity levels during recess and lunchtime decreased in both cohorts 
over time. Decreases in the contribution of recess and lunchtime to older children’s daily 
physical activity were also observed. Interventions are needed in both primary and 
secondary schools to promote physical activity levels during recess and lunchtime, 
particularly during the early years of secondary school.   
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INTRODUCTION 
Physical activity in childhood is associated with physical and mental health.[1-2] There is 
increasing concern that children are not engaging in sufficient physical activity to benefit 
health[1] and that increased sedentary recreation outside of school may be a contributing 
factor to obesity risk profiles, independent of physical activity levels.[3] Moreover, while 
light intensity physical activity (LPA) has negative associations with metabolic risk factors,[4] 
little is known how physical activity accrual changes over time. Understanding physical 
activity and patterns over time is important for the design of interventions in children that 
aim to benefit overall physical activity and health.   
 
Children spend a significant proportion of their waking time in the school environment, 
which explains a significant amount of variance in youth physical activity.[5] At school, 
opportunities to be active are afforded by physical education classes and recess and 
lunchtime breaks.[6] Of these, recess and lunchtime provide opportunities for discretionary 
physical activity,[7] where children have some choice about their activities.[6, 8] Boys often 
engage in more moderate-to-vigorous (MVPA) and vigorous (VPA) physical activity than girls 
during recess and lunchtime,[6, 9-11] although differences between age groups and grades 
are inconsistent.[9, 12] However, no studies have examined longitudinal changes in 
children’s physical activity during recess and lunchtime, or whether these changes vary by 
sex and age of the child. Furthermore, while recess and lunchtime can contribute up to 40% 
towards daily physical activity recommendations,[12-13] little research has investigated the 
overall contribution of recess and lunchtime to daily physical activity or how this may 
change as children age.  This is of interest, especially in light of age-related declines in daily 
physical activity engagement.[14-15]    
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No research has investigated how recess and lunchtime physical activity levels and the 
contribution of these periods to overall daily physical activity change during adolescence or 
over the transition from primary (elementary) to secondary (high) school.  Moreover, few 
studies have investigated recess and lunchtime activity intensities lower than moderate 
intensity (MPA).[16] Examining patterns of change over time will help understand the 
interplay between the different physical activity intensities, identify potential intervention 
points and inform public policy and the debate concerning the importance of recess and 
lunchtime in schools.[8]   
 
The purpose of this study is to investigate longitudinal changes in children’s recess and 
lunchtime physical activity levels and the contribution of recess and lunchtime to daily 
physical activity levels over 5-years amongst 5-6 and 10-12 year olds, and how these vary by 
age and sex. 
 
METHOD 
 
Procedure 
Data were drawn from two longitudinal studies of Australian school children; the Children 
Living in Active Neighbourhoods Study (CLAN)[17] and the Health, Eating and Play Study 
(HEAPS).[18] Ethical approval for both studies was provided by the Deakin University Human 
Research Ethics Committee, the Department of Education and Training Victoria, and the 
Victorian Catholic Education Office. Informed written consent was obtained from parents 
and secondary school children at each wave of data collection. 
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Sample 
 
Stratified random sampling proportionate to school size (enrolment greater than 200 pupils) 
was employed to recruit schools from metropolitan Melbourne, Australia, into both studies. 
Nineteen (10 low socioeconomic status [SES], 9 high SES) and 24 (9 high SES, 7 middle SES, 8 
low SES) elementary schools selected agreed to participate in the CLAN and HEAPS studies, 
respectively. In both studies, all children in Grade Prep (5-6 years) and Grades 5-6 (10-12 
years) were invited to participate. In CLAN, 1220 children (38.3% response rate) provided 
active consent to participate at baseline (2001; T0). In HEAPS, 1562 children (42% response 
rate) provided consent to participate in baseline measures (2002/2003; T0). Families who 
were willing to be contacted about future research were invited to participate in follow-up 
measures in 2004 and 2006 for CLAN (T1 and T2), and in 2006 and 2008 for HEAPS (T1 and 
T2).   
 
Measures 
 
In both studies, questions about demographic characteristics were included in a survey sent 
home with the child and were completed by 2689 parents. In addition, 2490 children had 
their physical activity measured by accelerometry. At baseline, complete accelerometer 
data (based on the inclusion criteria) were collected from 2075 children. At T1 and T2 
complete accelerometer were collected from 773 children (88.9% children monitored at T1) 
and 634 children (90.2% children monitored at T2), respectively.  
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Physical activity 
 
Children’s physical activity levels were measured for eight consecutive days at each time 
point using hip-mounted uni-axial accelerometers (Actigraph model 7164, Fort Walton 
Beach, Florida, USA). The epoch length was 60 seconds. Children were instructed to wear 
the accelerometer during all waking hours except during water-based activities (e.g. 
swimming, bathing). Accelerometers have been validated for use in paediatric populations 
and are accepted as an effective objective field-based measurement tool for physical 
activity.[19-20]   
 
Break period duration 
 
School bell times were recorded by the schools and used to determine recess and lunchtime 
breaks.  
 
Demographic data 
 
At baseline, a questionnaire was completed by the children’s parents that collected 
demographic information about the child (e.g. sex, age, date of birth) and the family as a 
whole (e.g. maternal education, employment status, marital status). The self-reported 
highest level of maternal education was used as a proxy-measure of SES, consistent with 
previous studies,[21-22] and was classed as low (some high school attendance or less), 
medium (high school or trade certificate completed) and high (tertiary education).    
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Data management 
 
Accelerometer data were downloaded and data recorded on the first day discarded. Only 
weekday data were examined here. Non-wear time was defined as sustained 20-minutes 
periods of zero counts, and total duration of these periods represented the duration the 
total non-wear duration.[23] For a day to be considered valid, children were required to 
have produced counts for ш610 minutes (T0), ш646 minutes (T1) and ш633 minutes (T2), 
representing non-missing counts for at least 80% of a standard measurement day, defined 
as the length of time that at least 70% of the sample wore the monitor,[23] and to have 
produced counts for at least 50% of both recess and lunchtime. Children who provided valid 
recess, lunchtime and daily physical activity data on at least three weekdays were retained 
for further analysis.   
 
Age-specific cut-points [24] determined durations of light activity (LPA; 1.5 -3.99 METS), 
MPA (4-5.99 METS),[25] and VPA (>6.0 METS). Sedentary time was defined as <100 
counts/minute.[26] The average duration (minutes) of sedentary, LPA, MPA and VPA per 
valid day was determined. The average accelerometer wear time per valid day was also 
calculated. The percentage of time children engaged in sedentary, LPA, MPA and VPA during 
recess and lunchtime were determined for days that met inclusion criteria. The relative 
contribution of recess and lunchtime to daily weekday physical activity was calculated as a 
proportion using ((time in activity intensity/total time in activity intensity during the school 
day)*100), and averaged over valid days. 
 
Statistical analysis 
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Descriptive analyses were initially calculated for all measured variables. Initial analyses were 
conducted to investigate whether differences occurred between children who provided 3, 4 
and 5 days of data for use in the analyses. As children with five valid days engaged in more 
sedentary activity and less MPA and VPA than children with 3 or 4 days of data at each time 
point, analyses adjusted for number of valid days. 
 
Multilevel analyses were used to examine changes in children’s recess and lunchtime 
physical activity over time, and the contribution of recess and lunchtime to daily physical 
activity. Multilevel models are the most appropriate technique for analysing nested data 
that are not independent of each other (e.g. time points within children) and violate the 
assumption of independent observations.[27-28] Multilevel modelling is robust against 
missing data points, and can estimate effects over time using incomplete data sets.[29] As 
such, all data collected were included in the analyses.   
 
A three-level model was used in the analyses, namely the measurement time point (T0, T1, 
T2; Level 1), children (Level 2) and baseline school (Level 3). To estimate changes in activity, 
and the contribution of recess and lunchtime to daily physical activity, two dummy predictor 
variables were generated. These were for physical activity levels at T1 and T2 compared to 
T0. The random structure considered random intercepts and random slopes on T1 and T2. 
Potential confounding variables were also added to the model as these may influence the 
magnitude of any differences observed.[28] These variables included sex, maternal 
education, study, number of valid days of accelerometry, daily accelerometer wear time and 
the break period duration (recess or lunchtime). Analyses were stratified by cohort, 
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therefore the younger cohort analyses indicate changes across primary school, while the 
older cohort analyses document the transition from primary school into secondary school. 
Analyses were conducted with the percentage of recess and lunchtime spent in sedentary, 
LPA, MPA and VPA, and the contribution of break periods to daily MPA and VPA as the 
dependent variables. Separate analyses were conducted for recess and lunchtime.    
 
To examine differences between boys and girls on the dependent variables, potential effect 
modification was assessed by constructing interaction terms between sex and the T1 and T2 
dummy variables. Subgroup analyses were conducted in the event of significant 
interactions. The Wald Statistic was used to assess the significance of the regression 
coefficients.[28] Statistical significance was set at p<0.05 and p<0.1 for interaction 
terms.[28] Data were analysed using MLwiN 1.10 software (Institute of Education, 
University of London, UK).   
 
RESULTS 
 
At T0, most families reported speaking English at home (89.3%). Approximately a third 
(38.9%) of mothers reported full-time employment, while 19.7% reported being employed 
part-time. Based on maternal education, 37.1% were of medium SES and 34.6% were of high 
SES. Average recess and lunchtime durations were 27.2 ± 5.5 and 55.9 ± 6.7 minutes (T0), 
25.1 ± 6.3 and 53.4 ± 8.2 minutes (T1), and 24.8 ± 6.2 and 56.4 ± 13.9 minutes (T2), 
respectively.  There were no differences in physical activity between those with follow-up 
data and those without, although those followed up had significantly higher maternal 
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education (43% vs. 32%) and higher proportions were employed part-time employment 
(26% vs. 17%), and spoke English at home (96 % vs. 4%). 
 
The physical activity levels of the children at baseline (mean, SD) are displayed in Table 1. 
The proportion of time spent sedentary or engaged in physical activity were similar across 
recess and lunchtime for all groups.   
Table 1: Children's physical activity levels at baseline by age group and sex (T0) 
 Younger Girls(a) 
(n = 300) 
Younger Boys(a) 
(n = 315) 
Older Girls(b) 
(n = 796) 
Older Boys(b) 
(n = 664) 
     
Recess      
%Sedentary 16.7 (12.7) 13.8 (13.5) 25.0 (14.4) 19.8 (15.0) 
%LPA 47.1 (11.3) 40.3 (14.3) 51.2 (12.5) 49.8 (14.1) 
%MPA 23.8 (10.6) 26.0 (10.9) 14.0 (8.5) 19.7 (10.2) 
%VPA 12.3 (10.3) 19.9 (14.6) 9.8 (6.9) 10.7 (10.9) 
     
Lunchtime     
%Sedentary 14.9 (11.1) 13.3 (10.2) 23.2 (13.3) 18.4 (13.9) 
%LPA 46.5 (10.5) 41.2 (11.4) 52.2 (10.4) 48.9 (11.9) 
%MPA 26.3 (9.9) 27.5 (9.3) 15.4 (7.9) 21.5 (10.3) 
%VPA 12.3 (8.6) 18.0 (11.5) 9.2 (6.1) 11.2 (9.8) 
     
Daily MPA (min) 97.7 (22.3) 106.6 (22.1) 47.9 (16.1) 62.6 (17.7) 
Daily VPA (min) 39.7 (16.9) 52.9 (22.9) 18.8 (13.6) 28.9 (17.1) 
Daily MVPA (min) 137.4 (34.7) 159.5 (37.9) 66.7 (26.2) 91.5 (30.7) 
11 
Daily wear time (min) 751.9 (77.5) 754.0 (65.5) 806.9 (79.7) 813.2 (84.0) 
a5-6 years at baseline; b10-12 years at baseline
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Changes in recess and lunchtime physical activity over time 
Potential effect modification analyses revealed significant interaction terms between sex 
and the time variables for all physical activity intensities for recess and lunchtime, and for 
the relative contribution of recess and lunchtime to daily physical activity levels. The results 
presented in Tables 2 and 3, therefore, are stratified by gender. 
 
Statistically significant T1 effects were found for boys and girls in both the younger and 
older cohorts for all recess and lunchtime physical activity intensities, with the exception of 
girls’ LPA (younger and older cohort) during recess and lunchtime and MPA (younger cohort) 
during recess and lunchtime (Table 2; p>0.05). For example, the proportion of time spent 
sedentary during recess between T0 and T1 increased between 5.6-7.1% for younger 
children and 22.6-25.2% for older children, with similar increases observed during 
lunchtime. In contrast, recess VPA decreased 5.4-5.9% for younger children and 4.2-8% for 
older children between T0 and T1, with similar decreases observed during lunchtime. 
Significant decreases in LPA, MPA and VPA between T0 and T1 were observed for both boys 
and girls in older cohort. 
 
A similar pattern was observed for the T2 analyses. In the younger cohort, significant 
increases in sedentary time and LPA and significant decreases in MPA and VPA were found 
for boys and girls during recess and lunchtime, with the exception of boys’ LPA during 
recess. For the older cohort, significant increases in sedentary time and significant decreases 
in LPA, MPA and VPA were found between T0 and T2 (Table 2).   
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Contribution of recess and lunchtime to daily physical activity 
Younger children engaged in 68.4 (± 18.4) minutes and 31.0 (± 19.9) minutes of daily MPA 
and VPA at T1, and in 51.4 (± 19.1) minutes and 17.1 (13.9) minutes of daily MPA and VPA at 
T2, respectively. Older children engaged in 37.8 (± 16.3) minutes and 12.8 (± 11.5) minutes 
of daily MPA and VPA at T1, and in 28.1 (± 14.5) minutes and 6.3 (± 6.1) minutes of daily 
MPA and VPA at T2, respectively. The relative contribution of recess and lunchtime to 
children’s weekday physical activity levels are shown in Figure 1. The results of the 
multilevel analysis are shown in Table 3. In the younger cohort, the multilevel analyses 
revealed significant increases in the contribution of recess and lunchtime to boys’ and girls’ 
daily MPA between T0 and T1 and between T0 and T2. A significant increase in the 
contribution of lunchtime to girls’ daily VPA was also observed between T0 and T1. In the 
older cohort, significant decreases were observed in the contribution of recess and 
lunchtime to boys’ and girls’ daily MPA and VPA between T0 and T1 and T0 to T2.  
[Insert Figure 1 here] 
DISCUSSION 
 
 This study examined changes in children’s recess and lunchtime physical activity levels and 
the contribution of recess and lunchtime to children’s daily physical activity levels in two age 
groups over a 5-year period. There were increases in boys’ and girls’ sedentary time and 
decreases in MPA and VPA in recess and lunchtime in both cohorts, supporting previous 
studies that reported age-related declines in daily physical activity levels[14, 30] and the 
notion that declines in daily physical activity start at a young age.[14]  
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The decreases in MPA and VPA observed after 3 years (T1) in the younger cohort are, in 
general, lower than short-term observations in control children in European-based 
intervention studies. For example, after a 3-month period in Belgium, girls’ MPA and VPA 
decreased by 11.5% and 7.1% during recess and 9.9% and 5.3% during lunchtime, 
respectively, while decreases were observed in boys’ recess MPA (1%) and VPA (2.6%) and 
lunchtime VPA (5.6%).[16]  Similarly, in the UK, decreases of 6.5% in control children’s 
MVPA two months after baseline measures were reported,[31] which coincided with the 
sample moving up one school year. Collectively, these findings suggest that physical activity 
levels during recess and lunchtime decrease in both the short- and long-term. As such, 
research is needed to identify factors that explain these decreases. 
 
Despite declines in the younger children’s activity levels during recess and lunchtime over 
time, the contribution of recess and lunchtime to daily physical activity generally increased 
over 3 years (T1), and decreases were mainly observed in VPA after 5 years (T2). 
Interestingly, while physical activity decreased during recess and lunchtime, overall daily 
physical activity also decreased, but at a greater magnitude, during other parts of the day. 
Notably, the contribution to recess and lunchtime to daily physical activity in the younger 
cohort at each time point was greater than in previous studies that used objective 
measures.[12, 32-33]  The present data suggest that recess and lunchtime provide an 
important and salient contribution to daily activity levels for Australian primary school 
children.   
 
The largest decreases in MPA and VPA and increases in sedentary time were observed in the 
older cohort between baseline (T0) and 3 years (T1), coinciding with the transition between 
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primary and secondary school. Early adolescence marks a shift from active play behaviours 
to social behaviours,[30] characterised by low physical activity levels. The present study 
somewhat supports this, particularly as sedentary time increased between baseline and the 
5-year follow-up. This may be explained further by the secondary school physical 
environment and the availability of different spaces and equipment for use during recess 
and lunch. However, there is currently a dearth of literature that investigates the activity 
preferences and behaviours of adolescents during recess and lunchtime. A recent review 
stated that research into adolescents’ physical activity levels and behaviour during recess 
and lunchtime is needed.[8] While that review excluded intervention studies that specially 
targeted MVPA and mainly focusing on the developmental value of recess, no 
developmental and health benefits of recess on adolescents was reported suggesting a lack 
of data in this area. 
 
Large decreases in the contribution of recess and lunchtime to daily physical activity were 
noted over time in the older cohort. However, after 5 years (T2), lunchtime still contributed 
10.7% and 6.6% towards daily MPA and VPA, respectively. These data suggest that recess 
and lunchtime do contribute a small amount to adolescents’ daily physical activity levels, 
and that interventions to increase physical activity and decrease sedentary behaviour during 
recess and lunchtime at secondary schools are warranted. To date, there has been no such 
published intervention studies in secondary schools. While research is needed to examine 
what types of recess (e.g. structured versus unstructured) would be beneficial,[8] such 
school-based interventions would be attractive from a public health perspective, particularly 
as they would not be competing with screen-based sedentary leisure time activities that 
become increasing prevalent in older adolescents outside the school environment.[30, 34] 
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Research is needed to identify what activities adolescents enjoy participating in during 
recess and lunchtime, and whether these can be incorporated into the design of 
interventions that aim to increase physical activity during these time periods.[35] Based on 
the current results, researchers and practitioners should consider using sex and age-
appropriate activities if these discrete periods are to provide opportunities to engage in 
physical activity at school.   
 
To the best of our knowledge, this is the first study to investigate changes in recess and 
lunchtime physical activity and the contribution of these discrete time periods to daily 
physical activity levels as children age. Strengths of this study include measuring a large 
population of children over a substantial length of time in two age groups. There are, 
however, several limitations. Firstly, data were collected using 60-s epochs, which may 
underestimate VPA in children due to the sporadic nature of their physical activity 
behaviours.[36] Second, it is not known whether different year groups had their recess and 
lunchtime periods together or separately in the different schools. It is possible that this may 
influence activity due to the number of children on the playground at one time, which 
affects the amount of space children have to engage in different activities. Lastly, 
accelerometers do not provide behavioural information, so it is not known what activities 
the children engaged in, which could be important for informing the development of future 
interventions.   
 
CONCLUSION 
 
21 
Understanding patterns of physical activity in discrete time periods of the day provides an 
opportunity to inform future intervention development. In this study, physical activity levels 
during recess and lunchtime decreased in both groups over time, particularly during the 
transition from primary to secondary school. Interventions are needed in both primary and 
secondary schools to contribute to overall physical activity levels. Further research is 
needed to examine behaviours during recess and lunchtime, and determine how these 
change and influence physical activity over time. 
 
WHAT IS KNOWN ON THIS TOPIC 
School recess and lunchtime provide daily opportunities for children to engage in physical 
activity. Boys engage in more physical activity during recess and lunchtime than girls. Little is 
known concerning how children’s recess and lunchtime and their contribution to daily 
physical activity change longitudinally.    
 
WHAT THIS STUDY ADDS 
 
Physical activity levels during recess and lunchtime and their contribution to daily physical 
activity decrease over time, with larger decreases associated with the transition from 
primary to secondary school. Strategies for increasing recess and lunchtime physical activity, 
particularly in adolescents, warrant attention.   
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FIGURE CAPTION 
Figure 1: Contribution of recess and lunch to children’s school day physical activity at (a) 
baseline (T0), (b) follow-up 1 (T1) and (c) follow-up 2 (T2). Data are unadjusted means. 
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